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FOREWORD 


This report, Volume 3, Summary Cost Analyses, provides backup cost 
data for evaluating alternate cut-and-cover tunnel construction 
systems. The details of the evaluation method are given in Volume 2, 
which is being distributed concurrently. 


Volume 1 of the report was completed in 1976 and single copies were 
distributed to headquarters and field offices of the Federal Highway 
Administration and to State highway agencies. Volumes 2 and 3 and the 
Executive Summary are being given the same distribution. The 
Supplemental Volume, which contains the extensive cost data used in 
this study, is not being distributed. All volumes are available to 
the public through the National Technical Information Service. 


Charles Z ce ey 


Director, Office of Research 
Federal Highway Administration 


NOTICE 


This document is disseminated under the sponsorship of the Department of 
Transportation in the interest of information exchange. The United States 
Government assumes no liability for its contents or use thereof. The 
contents of this report reflect the views of the contractor, who is 
responsible for the accuracy of the data presented herein. The contents 

do not necessarily reflect the official views or policy of the Department 

of Transportation. This report does not constitute a standard, specification, 
or regulation. 


The United States Government does not endorse products or manufacturers. 
Trade or manufacturers’ names appear herein only because they are considered 
essential to the object of this document. 
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PREFACE 


In June 1974, the U.S. Department of Transportation, 
Federal Highway Administration, authorized Jacobs Associates to 
undertake a study dealing with various aspects of cut-and-cover 
tunneling operations pertaining to highway and transit struc- 
tures (Contract No. DOT-FH-11-8513, modified May 30, 1975). A 
report covering the first phase of the study entitled “Cut-and- 
Cover Tunneling, Volume 1: Construction Methods, Design and 
Activity Variations" was submitted in January 1976 and has been 
published as Report No. FHWA-RD-76-28. 

Findings and results of the second and final phase, which 
dealt primarily with costs of construction and environmental 
disruptions, are presented in "Cut-and-Cover Tunneling, 

Volume 2: Cost Analysis and Systems Evaluation," published as 
Report No. FHWA-RD-76-29. | 

This volume is not presented as a separate or self- 
contained report, but rather as an appendix to Volume 2 for 
those individuals interested in detailed construction costs. 

It contains the summary cost analyses, in computer printout 
form, of fifteen construction cost estimates produced for this 
study. 

The Supplemental Volume, Construction Cost Data, Four 
Basic Estimates, FHWA-RD-76-139, contains complete cost data 
for four study situations. This 732-page reference volume 
provides the basic data used for all estimate situations 


considered in the study. 
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INTRODUCTION 


This volume of a study entitled "Cut-and-Cover Tunneling" 
prepared for the Federal Highway Administration - U.S. Depart- 
ment of Transportation by Jacobs Associates contains summary 
analysis of construction costs for fifteen different cut-and- 
cover tunneling situations. These analyses are part of a 
series of 176 cost estimates prepared to show comparative 
evaluation of cost when considering three different transit 
structures, three methods of ground support, five site con- 
ditions, three depths and two methods of bracing. A comparison 
of cut-and-cover and inverted construction estimates are also 
included. Various combinations of the above conditions include 
most possibilities considered for future transit construction. 

Volume 1, FHWA-RD-76-28, presents a detailed discussion of 
various aspects of cut-and-cover tunneling. It defines major 
construction activities and describes most effective means of 
accomplishment depending on method of construction. Volume 2, 
FHWA-RD-76-29, develops basic cost data for cut-and-cover 
construction and provides a method by which these data can be 
used to determine the construction cost of future transit 
structures. It also presents a rationale for making prelimin- 
ary evaluations of the cost of disruption associated with 
cut-and-cover tunneling. The detailed cost information 
presented in this volume was developed during that phase of the 
Study. 

The first 12 summaries presented herein relate to cut-and- 
cover construction of a highway tunnel, a rapid transit station 
and a rapid transit line section. Three different methods of 
ground support; soldier piles and lagging, cast-in-place slurry 
walls (SPTC) and precast concrete diaphragm walls are consid- 
ered for each structure. Three estimates for each structure 
are based on use of internal bracing, the fourth on the use of 
tieback bracing. All structures are built at a 70-foot (21.3m) 
invert depth. There are three at each of sites 1 and 3 and two 


at each of sites 2, 4 and 5. The soil and groundwater condition 
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at these sites is shown in the site cross section preceding 
each estimate summary. Total project cost is the sum shown for 
15 basic activities; 11 being considered as direct cost, the 
other 4 as indirect and overhead costs. Each activity is 
broken into various individual work operations required for 
completion. Quantities of work as well as unit costs of labor, 
equipment operation, job materials and sub-contract costs are 
given for each operation which are then summarized to give 
total cost for the respective activity. Adding a contractors 
Markup to the total project cost gives the anticipated bid 
price of the work. “‘arkup for this study is assumed as 15%, 
but is not shown on the printout. Costs of the 15 basic 
activities and allowance for contractors markup for each of 
these and the remaining 164 estimates are summarized in 
Appendix C of Volume 2. All costs are based on mid-1974 prices 
within the Washington, D.C. area. 

Volume 2 describes how the estimates were developed and 
provides a method by which operation or activity costs can be 
adjusted to reflect quantities and conditions for new con- 
struction situations. It illustrates by example how the 
planner can use cost detail such as contained in this volume to 
determine the cost of different alternatives for future work. 
By adding the cost of disruption, he can then make a decision 
as to the most effective construction to be used. A procedure 
for updating the estimate to a new year and location is also 
given. 

The summary analyses are identified by an estimate code 
which defines the site, type of structure and construction 
condition. See page ix. The codes which are crosshatched 
correspond to the estimate summaries given in this volume. The 
last three summaries designated as 1-1LT, 1-4LT and 1-7LT 
provide a comparison of costs when uSing either the cut-and- 
cover method (1-1LT), inverted or under-the-roof method (1-4LT) 
or combination method (1-7LT) of constructing a highway tunnel 
section at a 30-foot (9.1m) depth with site 1 soil conditions. 
All three methods utilize precast panels and internal bracing. 
Cost data given for these three estimates can be used the same 
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as mentioned for other 12, all as described in Volume 2. The 
estimate designations 1-4LT and 1-7LT were arbitrarily assigned 
and therefore not shown on the tabulation of page ix. Sum- 
maries of activity costs and markup allowances for these three 
estimates are shown as Table 29, page 180, of Volume 2. 

The cross section presented at the beginning of each 
summary shows the relationship of the underground structure 
(tunnel or station) to the construction site. The soil and 
groundwater conditions are also shown. For additional details 
including ground support and bracing see Section 1 of Volume 2. 

The format of the computer printout is the same for all 
estimates. The construction situation and estimate designation 
code is shown at the top of each page. The four character code 
at the left hand side of each page identifies the structure 
construction and activity requirement as shown on Table 7, 
page 63, of Volume 2. The next number to the right denotes the 
various operations required for each activity. This is followed 
by a description of the operation as well as the quantity of 
work involved. Total and unit costs for all components (labor, 
equipment operation, etc.) are given across the page. The 
percent of total project cost (without contractors markup) - 
"PCTOT" - represented by each operation_and activity is shown 
after the "Total Column." The activity and operation 
identification is repeated on the right hand side of the page. 

The cost data provided in this volume is given primarily to 
illustrate the type of detail required to properly evaluate the 
construction cost of cut-and-cover tunneling. Although 
summaries included in Volume 2 are adequate to make reasonable 
cost estimates for many different situations, those requiring a 
more detailed analysis can do so by using data from this volume 


and following the procedures discussed in Volume 2. 
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Table 2. ESTIMATE CODE DESIGNATIONS 


FIRST CHARACTER - Site Condition 
- Site l 

- Site 
- Site 
- Site 
- Site 
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SECOND CHARACTER - Type of Structure 
1 - Four Lane Highway 
2 - Rapid Transit Station 
3 - Rapid Transit Line Section 


THIRD CHARACTER - Ground Support & Bracing Method 

- Soldier Piles & Lagging - Internal Bracing 
- Soldier Piles & Lagging - Tieback Bracing 
- SPTC Wall - Internal Bracing 

SPTC Wall - Tieback Bracing 

- Precast Panel Wall - Internal Bracing 


= FAG wy A 
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- Precast Panel Wall - Tieback Bracing 


FOURTH CHARACTER - Depth of Excavation - Soil Condition 
- 30 ft Depth - High Water Table 

- 30 ft Depth - Low Water Table 

- 50 ft Depth - High Water Table 

- 50 ft Depth - Low Water Table 

- 70 £t Depth - High Water Table 

- 70 ft Depth - Low Water Table 
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Table 3. ACTIVITY CODE DESIGNATIONS 


FIRST CHARACTER - TYPE OF STRUCTURE 


1. FOUR LANE HIGHWAY TUNNEL 
2. RAPID TRANSIT STATION 
3. TWIN BOX RAPID TRANSIT TUNNEL 


SECOND CHARACTER - MAJOR ESTIMATE ACTIVITY 


A. CONTROL TRAFFIC 

UTILITY WORK 

PROJECT ADJACENT STRUCTURES 
CONTROL GROUND WATER 
DECKING 

GROUND WALL SUPPORT 

BRACING 

EXCAVATION 

CONSTRUCT PERMANENT STRUCTURE 
BACKFILL 

RESTORATION 


OVERHEAD (FIXED COSTS) 
OVERHEAD (TIME RELATED COSTS) 
PLANT (FIXED COSTS) 

PLANT (TIME RELATED COSTS) 
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THIRD CHARACTER - TYPE OF WALL AND/OR BRACING 

SOLDIER PILE AND LAGGING WALL ONLY 

S.P.T.C. WALL ONLY 

PRECAST WALL ONLY 

DIAPHRAGM WALL - IE, S.P.T.C. OR PRECAST WALL 


INTERNAL BRACING ONLY 
TIEBACK BRACING ONLY 


SOLDIER PILE AND LAGGING WALL WITH INTERNAL BRACING 
SOLDIER PILE AND LAGGING WALL WITH TIEBACK BRACING 


S.P.T.C. WALL WITH INTERNAL BRACING 
S.P.T.C€. WALL WITH TIEBACK BRACING 


PRECAST WALL WITH INTERNAL BRACING 
PRECAST WALL WITH TIEBACK BRACING 
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FOURTH CHARACTER - DEPTH OF EXCAVATION AND/OR WET OR DRY SOIL CONDITION 


30 FT DEPTH ONLY 
50 FT DEPTH ONLY 
70 FT DEPTH ONLY 


WET CONDITION ONLY 
DRY CONDITION ONLY 


30 FT DEPTH WITH HIGH WATER TABLE 
30 FT DEPTH WITH LOW WATER TABLE 


50 FT DEPTH WITH HIGH WATER TABLE 
50 FT DEPTH WITH LOW WATER TABLE 


70 FT DEPTH WITH HIGH WATER TABLE 
70 FT DEPTH WITH LOW WATER TABLE 
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NOTE: IN THE THIRD AND FOURTH CHARACTER WHERE NO VARIABLE CONDITION 
APPLIES A "0" (ZERO) WILL BE USED. 
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METRIC CONVERSION FACTORS 


For Tables, Figures and Estimate Quantities 


MSF 


ds aU alc 

Suc eit 

=F Nie S Gian cic. 
=e S Genny 

= 1000 sq. ft. 
Si dl olla 18125 

= 0 cuca y a. 

= 1000 bd. ft. 
S07 oul be 

= aston 

(94 lb.) 

(100 lb.) 

= 1 gallon 

=" - J -cues Btey/min. 
= 1 hp 


Sco 


25.4 mm 
0.305 m 
0.0929 m2 
0.836 m2 
92.9 m2 
0.0283 m? 
0.765 m°? 
2.36 m? 
0.454 kg 
907 kg 

42.6 kg 
45.4 kg 
3.79 litres 
0.000472 m/s 


746 W 


SUMMARY ANALYSIS 
OF 
ESTIMATE DOT 2-1GZ 


FOUR LANE HIGHWAY TUNNEL 
SIA A) W/O joyeywel 
SOLDIER PILE & LAGGING GROUND SUPPORT 
INTERNAL BRACING 


This is one of a series of twelve estimates 
produced by computer extension for this study, to 
determine the effects of variations of site condi- 
tions and construction methods on construction 
costs. The unit and total costs developed in 
these estimates were used to expand the series to 
176 situation estimates. For a graphical indica- 
tion of the relationship of this estimate within 
the series of estimates, see Table l. 
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SUMMARY ANALYSIS 
OF 
ESTIMATE DOT 5-lJY 


FOUR LANE HIGHWAY TUNNEL 
Sah hoe One Dine De 
CAST-IN-SLURRY CONCRETE (SPTC) GROUND SUPPORT 
INTERNAL BRACING 


This is one of a series of twelve estimates 
produced by computer extension for this study, to 
determine the effects of variations of site condi- 
tions and construction methods on construction 
costs. The unit and total costs developed in 
these estimates were used to expand the series to 
176 situation estimates. For a graphical indica- 
tion of the relationship of this estimate within 
the series of estimates, see Table l. 
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OF 
ESTIMATE DOT 1-1LY 


FOUR LANE HIGHWAY TUNNEL 
SITE 1 - 70' DEPTH 
PRECAST CONCRETE PANEL GROUND SUPPORT 
INTERNAL BRACING 


This is one of a series of twelve estimates 
produced by computer extension for this study, to 
determine the effects of variations of site condi- 
tions and construction methods on construction 
costs. The unit and total costs developed in 
these estimates were used to expand the series to 
176 situation estimates. For a graphical indica- 
tion of the relationship of this estimate within 
the series of estimates, see Table l. 
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SUMMARY ANALYSIS 
OF 
ESTIMATE DOT 3-1KY 


FOUR LANE HIGHWAY TUNNEL 
SITE 3 - 70' DEPTH 
CAST-IN-SLURRY CONCRETE (SPTC) GROUND SUPPORT 
TIEBACK BRACING 


This is one of a series of twelve estimates 
produced by computer extension for this study, to 
determine the effects of variations of site condi- 
tions and construction methods on construction 
costs. The unit and total costs developed in 
these estimates were used to expand the series to 
176 situation estimates. For a graphical indica- 
tion of the relationship of this estimate within 
the series of estimates, see Table l. 
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SUMMARY ANALYSIS 
OF 
ESTIMATE DOT 2-2GZ 


RAPID TRANSIT STATION 
SEE 2. —. 70") DEPTH 
SOLDIER PILE & LAGGING GROUND SUPPORT 
INTERNAL BRACING 


This is one of a series of twelve estimates 
produced by computer extension for this study, to 
determine the effects of variations of site condi- 
tions and construction methods on construction 
costs. The unit and total costs developed in 
these estimates were used to expand the series to 
176 situation estimates. For a graphical indica- 
tion of the relationship of this estimate within 
the series of estimates, see Table l. 
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SUMMARY ANALYSIS 
OF 
ESTIMATE DOT 4-2JY 


RAPID TRANSIT STATION 
Shea =O) DEP DH 
CAST-IN-SLURRY CONCRETE (SPTC) GROUND SUPPORT 
INTERNAL BRACING 


This is one of a series of twelve estimates 
produced by computer extension for this study, to 
determine the effects of variations of site condi- 
tions and construction methods on construction 
costs. The unit and total costs developed in 
these estimates were used to expand the series to 
176 situation estimates. For a graphical indica- 
tion of the relationship of this estimate within 
the series of estimates, see Table l. 
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SUMMARY ANALYSIS 
OF 
ESTIMATE DOT 5-2LY 


RAPID TRANSIT STATION 
Su oy (0S JOSE Sl 
PRECAST CONCRETE PANEL GROUND SUPPORT 
INTERNAL BRACING 


This is one of a series of twelve estimates 
produced by computer extension for this study, to 
determine the effects of variations of site condi- 
tions and construction methods on construction 
costs. The unit and total costs developed in 
these estimates were used to expand the series to 
176 situation estimates. For a graphical indica- 
tion of the relationship of this estimate within 
the series of estimates, see Table l. 
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This is one of a series of twelve estimates 
produced by computer extension for this study, to 
determine the effects of variations of site condi- 
tions and construction methods on construction 
costs. The unit and total costs developed in 
these estimates were used to expand the series to 
176 situation estimates. For a graphical indica- 
tion of the relationship of this estimate within 
the series of estimates, see Table l. 
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SUMMARY ANALYSIS 
OF 
ESTIMATE DOT 1-3GY 


RAPID TRANSIT LINE SECTION 
SETTER) — 970). DEPTH 
SOLDIER PILE & LAGGING GROUND SUPPORT 
INTERNAL BRACING 


This is one of a series of twelve estimates 
produced by computer extension for this study, to 
determine the effects of variations of site condi- 
tions and construction methods on construction 
costs. The unit and total costs developed in 
these estimates were used to expand the series to 
176 situation estimates. For a graphical indica- 
tion of the relationship of this estimate within 
the series of estimates, see Table l. 
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SUMMARY ANALYSIS 
OF 
ESTIMATE DOT 3-3JY 


RAPID TRANSIT LINE SECTION 
SiTE 3) — 70)" DEPTH 
CAST-IN-SLURRY CONCRETE (SPTC) GROUND SUPPORT 
INTERNAL BRACING 


This is one of a series of twelve estimates 
produced by computer extension for this study, to 
determine the effects of variations of site condi- 
tions and construction methods on construction 
costs. The unit and total costs developed in 
these estimates were used to expand the series to 
176 situation estimates. For a graphical indica- 
tion of the relationship of this estimate within 
the series of estimates, see Table l. 
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SUMMARY ANALYSIS 
OF 
ESTIMATE DOT 4-3LY 


RAPID TRANSIT LINE SECTION 
SITE 4 - 70' DEPTH 
PRECAST CONCRETE PANEL GROUND SUPPORT 
INTERNAL BRACING 


This is one of a series of twelve estimates 
produced by computer extension for this study, to 
determine the effects of variations of site condi- 
tions and construction methods on construction 
costs. The unit and total costs developed in 
these estimates were used to expand the series to 
176 situation estimates. for a graphical indica- 
tion of the relationship of this estimate within 
the series of estimates, see Table l. 
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This is one of a series of twelve estimates 
produced by computer extension for this study, to 
determine the effects of variations of site condi- 
tions and construction methods on construction 
costs. The unit and total costs developed in 
these estimates were used to expand the series to 
176 situation estimates. For a graphical indica- 
tion of the relationship of this estimate within 
the series of estimates, see Table l. 
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SUMMARY ANALYSIS 
OF 
ESTIMATE DOT 1-1LT 


CUT-AND-COVER METHOD 
FOUR LANE HIGHWAY TUNNEL 
SUTEhy = —930" DEPTH 
PRECAST CONCRETE PANEL GROUND SUPPORT 
INTERNAL BRACING 


This is one of three estimates produced by 
computer extension for this study, to test the 
methods and results of the series of 176 estimates 
forming the basis of the study effort. Based on 
this series of estimates, a highway tunnel, at 
minimum depth, with precast concrete panel walls 
was chosen to test innovative basic construction 
methods. Traditional cut-and-cover construction 
(1-1LT), inverted construction (1-4LT) and 
combination (or partially inverted) construction 
(1-7LT) are compared under the same site and 
structure conditions. The relation of estimate 
1-1LT in the series of 176 estimates is shown 


graphically in Table l. 
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SUMMARY ANALYSIS 
OF 
ESTIMATE DOT 1-4LT 


INVERTED CONSTRUCTION METHOD 
FOUR LANE HIGHWAY TUNNEL 
SITE 1 - 30' DEPTH 
PRECAST CONCRETE PANEL GROUND SUPPORT 
INTERNAL BRACING 


This is one of three estimates produced by 
computer extension for this study, to test the 
methods and results of the series of 176 estimates 
forming the basis of the study effort. Based on 
this series of estimates, a highway tunnel, at 
minimum depth, with precast concrete panel walls 
was chosen to test innovative basic construction 
methods. Traditional cut-and-cover construction 
(1-1LT), inverted construction (1-4LT) and 
combination (or partially inverted) construction 
(1-7LT) are compared under the same site and 
structure conditions. The relation of estimate 
1-1LT in the series of 176 estimates is shown 


graphically in Table l. 
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SUMMARY ANALYSIS 
OF 
ESTIMATE DOT 1-7LT 


PARTIALLY INVERTED CONSTRUCTION METHOD 
FOUR LANE HIGHWAY TUNNEL 
SETHE. 12 =)3075 DEP-LH 
PRECAST CONCRETE PANEL GROUND SUPPORT 
INTERNAL BRACING 


This is one of three estimates produced by 
computer extension for this study, to test the 
methods and results of the series of 176 estimates 
forming the basis of the study effort. Based on 
this series of estimates, a highway tunnel, at 
minimum depth, with precast concrete panel walls 
was chosen to test innovative basic construction 
methods. Traditional cut-and-cover construction 
(1-1LT), inverted construction (1-4LT) and 
combination (or partially inverted) construction 
(1-7LT) are compared under the same site and 
structure conditions. The relation of estimate 
i-1LT in the series of 176 estimates is shown 


graphically in Table l. 
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FEDERALLY COORDINATED PROGRAM OF HIGHWAY 
RESEARCH AND DEVELOPMENT (FCP) 


The Offices of Research and Development of the 
Federal Highway Administration are responsible 
for a broad program of research with resources 
including its own staff, contract programs, and a 
Federal-Aid program which is conducted by or 
through the State highway departments and which 
also finances the National Cooperative Highway 
Research Program managed by the Transportation 
Research Board. The Federally Coordinated Pro- 
gram of Highway Research and Development 
(FCP) is a carefully selected group of projects 
aimed at urgent, national problems, which concen- 
trates these resources on these problems to obtain 
timely solutions. Virtually all of the available 
funds and staff resources are a part of the FCP, 
together with as much of the Federal-aid research 
funds of the States and the NCHRP resources as 
the States agree to devote to these projects.* 


FCP Category Descriptions 


1. Improved Highway Design and Opera- 
tion for Safety 


Safety R&D addresses problems connected with 
the responsibilities of the Federal Highway 
Administration under the Highway Safety Act 
and includes investigation of appropriate design 
standards, roadside signing, and 
physical and scientific data for the formulation 


hardware, 
of improved safety regulations. 


2. Reduction of Traffic Congestion and 
Improved Operational Efficiency 


Trafic R&D is concerned with increasing the 
operational efficiency of existing highways by 
advancing technology, by improving designs for 
existing as well as new facilities, and by keep- 
ing the demand-capacity relationship in better 
balance through trafic management techniques 
such as bus and carpool preferential treatment. 
motorist information, and rerouting of traffic. 


* The complete 7-volume official statement of t e FCP is 
available from the National Technical Informat on Service 
(NTIS), Springfield, Virginia 22161 (Order No. 9B 242057, 
price $45 postpaid). Single copies of the .ntroductory 
yolume are obtainable without charge frem Program 
Analysis (HRD-—2), Offices of Research and Development, 
Federal Highway Administration, Washington, D.C. 20590. 


3. Environmental Considerations in High- 
way Design, Location, Construction, and 
Operation 


Environmental R&D is directed toward identify- 
ing and evaluating highway elements which 
affect the quality: of the human environment. 
The ultimate goals are reduction of adverse high- 
way and traffic impacts, and protection and 
enhancement of the environment. 


4. Improved Materials Utilization and Dura- 
bility 


Materials R&D is concerned with expanding the 
knowledge of materials properties and technology 
to fully utilize available naturally occurring 
materials. to develop extender or substitute ma- 
terials for materials in short supply, and to 
devise procedures for converting industrial and 
wastes into useful highway products. 
These activities are all directed toward the com- 


mon goals of lowering the cost of highway 


other 


construction and extending the period of main- 
tenance-free operation. 


5. Improved Design to Reduce Costs, Extend 
Life Expectancy, and Insure Structural 
Safety 


Structural R&D is concerned with furthering the 
latest technological advances in structural de- 
signs, fabrication processes. and construction 
techniques, to provide safe, efficient highways 
at reasonable cost. 


6. Prototype Development and Implementa- 
tion of Research 


This category is concerned with developing and 
transferring research and technology into prac- 
tice, or, as it has been commonly identified, 
“technology transfer.” 


7. Improved Technology for Highway Main- 
tenance 


Maintenance R&D objectives include the develop- 
ment and application of new technology to im- 
prove management, to augment the utilization 
of resources, and to increase operational efhiciency 
and safety in the maintenance of highway 
facilities. 
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